Abstract: Salicylic acid has been used to treat various skin disorders for more than 2,000 years. The ability of salicylic acid to exfoliate the stratum corneum makes it a good agent for peeling. In particular, the comedolytic property of salicylic acid makes it a useful peeling agent for patients with acne. Once considered as a keratolytic agent, the role of salicylic acid as a desmolytic agent, because of its ability to disrupt cellular junctions rather than breaking or lysing intercellular keratin filaments, is now recognized and is discussed here. Salicylic acid as a peeling agent has a number of indications, including acne vulgaris, melasma, photodamage, freckles, and lentigines. The efficacy and safety of salicylic acid peeling in Fitzpatrick skin types I-III as well as in skin types V and VI have been well documented in the literature. This paper reviews the available data and literature on salicylic acid as a peeling agent and its possible indications. Its properties, efficacy and safety, the peeling procedure, and possible side effects are discussed in detail. An account of salicylism is also included.
Introduction
Chemical peeling is a safe, efficacious, and cost-effective procedure for treating various skin disorders and for enhancing cosmetic appearance. The principle of peeling involves controlled chemical injury to the skin in order to prompt it to rejuvenate, leading to smoothening of the skin and improvement of its surface texture. 1 Chemical peels can be classified in different ways. A useful approach is to classify them according to the level of injury caused to the skin, which determines the indications they can be used to treat. Accordingly, chemical peels can be divided into three broad categories, ie, superficial, medium-depth, and deep. Superficial peels cause injury to the epidermis, so are used to treat superficial conditions, including melasma, acne, and dyschromias. Medium-depth peels penetrate to the papillary dermis, and are useful in the treatment of solar keratoses, dyschromias, and pigment disorders. Deep peels cause necrosis to the level of the reticular dermis, so are indicated for deep wrinkles, severe photoaging, and deep scars. 1 Salicylic acid (SA) is a member of a group of compounds known as hydroxy acids, which are widely used for a number of cosmetic indications because of their many important properties. 2 The aim of this review is to give a detailed account of SA as a peeling agent in cosmetic dermatology. This review also resolves some queries regarding the position of SA among hydroxy acids; its mechanism of action being desmolytic rather than true keratolytic, and its safety among dark skinned people.
Definition of chemical peeling
Chemical peeling is the process of causing controlled chemical injury to the skin (partial or complete epidermis with or without dermis) by application of a chemical peeling agent that causes exfoliation of the superficial layers of the skin, leading to removal of superficial lesions followed by regeneration of new epidermal and dermal tissues. 3 
Historical background
SA has been used topically to treat various skin disorders for more than 2,000 years. 4 In the first century AD, Pliny used willow bark (as a source of SA) to treat calluses and corns. Buchner, Brugnatelle, and Fontana isolated salicin from willow bark in the late 1820s, which was later refined by Leroux. The ability of SA to soften and exfoliate the stratum corneum was discovered in the 1860s. 5 Paul Gerson Unna, a German dermatologist, is credited with describing the properties and use of SA. Being a comedolytic agent, SA is used in many topical acne preparations. It is also known to enhance the penetration of other topical agents. 
Chemistry and properties
Chemically, SA is 2-hydroxybenzoic acid or orthohydrobenzoic acid. Sources of SA and salicylates include willow bark, sweet birch, and wintergreen leaves. However, SA can also be synthesized artificially.
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8 described SA as a β-hydroxy acid, but Yu and Van Scott 9 have classified it as a phenolic aromatic acid. SA has carboxyl (-COOH) and hydroxyl (-OH) groups directly attached to an aromatic benzene ring, unlike a true β-hydroxy acid, which contains an aliphatic carbon atom chain. Secondly, the hydroxyl group of SA has acidic properties whereas the hydroxyl group of a true β-hydroxy acid is neutral. 8, 9 Moreover, the carbon atoms of aromatic compounds are counted in arabic numerals (eg, 1, 2, 3) rather than the Greek letter designations (eg, alpha, beta, gamma) applying to aliphatic structures (non-aromatic compounds). It is possible that SA was labeled as a β-hydroxy acid at a time when β-hydroxy acid peels were introduced in the market in order to exploit the benefit of the popularity of α-hydroxy acids. 10 SA is a lipid-soluble agent, in contrast with the α-hydroxy acids (such as glycolic acid), and is therefore miscible with epidermal lipids and sebaceous gland lipids in hair follicles. 7 SA has keratolytic and comedolytic properties, although the exact mechanisms involved are not clear. 11 SA also decreases secretion of sebum in patients with acne, which adds to its therapeutic effect in these patients. Marczyk et al studied the effect of 50% pyruvic acid and 30% SA peels on skin lipid film in patients with acne vulgaris, and concluded that SA had a greater sebumetric effect than pyruvic acid. 12 SA decreases adhesion of corneocytes, and causes loosening of these cells and their subsequent detachment. [13] [14] [15] Being a lipophilic agent, SA removes intercellular lipids, which are linked covalently to the cornified envelope surrounding the surface epithelial cells. 16 This antihyperplastic effect of SA on the epidermis has been used by many dermatologists in chemical peeling of skin. 17, 18 Cohesion of epidermal cells in the skin depends upon desmosomes, which contain many proteins, including desmogleins. It has been found that SA, being an organic acid, extracts desmosomal proteins including desmogleins. As a result of this action, the cohesion of epidermal cells is lost, leading to exfoliation. 19 Thus, SA should now be regarded as a desmolytic agent rather than as a keratolytic agent in so far as its mechanism of action is concerned, because it works by disrupting cellular junctions rather than breaking or lysing intercellular keratin filaments. 20 Imayama et al studied histological changes in the skin of hairless mice following peeling with SA, and reported loss of cornified cells followed by activation of epidermal basal cells and underlying fibroblasts. They concluded that peeling with SA can lead to alterations in the underlying dermal tissue without directly wounding the skin. 19 SA does not affect mitotic activity in human epidermal cells. 13 However, Weirich et al studied the antihyperplastic effect of SA in the guinea pig epidermis and concluded that there is a reduction in hyperplasia of viable epidermal cells. 21 Use of SA on human skin causes thinning of the corneal layer without any change in the thickness of the epidermis. 22 Aspirin, chemically known as acetylsalicylic acid, is a well-known analgesic and antipyretic substance causing irreversible inhibition of prostaglandin synthesis. Being a salicylate, SA also has anti-inflammatory properties. The concentration at which the anti-inflammatory action of SA is most pronounced is between 0.5% and 5% (w/w). 11, 23, 24 Salicylates and their derivatives have been used in sunscreen formulations. The aromatic benzene ring in the salicylate converts ultraviolet radiation into longer wave radiation that is felt as heat, which explains the mechanism of action in sunscreen preparations. 25 SA also has antimicrobial and antifungal properties. Whitfield's ointment, which contains benzoic acid and SA, has been used for its antifungal properties. 26 SA also has an anesthetic effect, which is seen during the peeling procedure and increases the patient's ability to tolerate the procedure.
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Salicylic acid as a peeling agent
Concentrations and formulations
Various preparations of SA have been used for peeling purposes. Aronsohn and Swinehart have used 50% SA ointment, 17, 18 and the formulation they used for actinic damage and pigmentary changes consisted of SA 50%, 16 drops of methyl salicylate, and 112 g of Aquaphor. 17 SA has also been used in ethyl alcohol solutions containing SA 10%, 20%, 30%, 40%, and 50% (w/v). 27 Newer formulations of SA have been introduced. A formulation of SA 30% in polyethylene glycol vehicle has been shown to be less absorbed through the intact skin of hairless mice. The risk of salicylism is low in humans with intact skin during chemical peeling using this formulation. 28 A study by Dainichi et al showed that chemical peeling with SA in polyethylene glycol helps to reduce as well as prevent ultraviolet B-induced skin tumors in hairless mice. 29 Hence, this formulation holds potential for use in chemical peeling due to its added safety and anticarcinogenic properties. The properties and indications of SA are dependent on the concentration used. The various concentrations of SA that have been used in dermatology and cosmetic procedures are listed in Table 1 . 6, 17, [30] [31] [32] [33] Indications SA as a peeling agent has been studied by various dermatologists. Aronsohn used 50% SA ointment with excellent results in 81 patients with pigmentation, freckles, and photoaging of the hands. 18 Swinehart used a 50% SA ointment paste containing buffered methyl salicylate and croton oil for the treatment of actinically damaged skin, lentigines, and pigmented keratosis on the forearms and dorsal aspect of the hands, and reported excellent results. 17 Being a lipophilic agent and having an ability to concentrate in the pilosebaceous apparatus, SA peels are a good therapeutic option for comedonal acne, and can be a good adjunctive modality for treating open and closed comedones, post-acne erythema, and hyperpigmentation. 34 The efficacy of SA in the treatment of photoaging and acne has been described in patients with Fitzpatrick skin types I-III as well as in skin types V and VI. 35 Kligman and Kligman used SA as a superficial peeling agent in 50 women with mild to moderate photodamage, and reported improvement in surface roughness and pigmented lesions, along with a reduction in fine lines. 36 Grimes treated 25 patients from a darker racial ethnic group who had acne vulgaris, melasma, or post-inflammatory hyperpigmentation with 20% and 30% SA peels, and reported good efficacy with minimal side effects. 6 The various indications for SA peeling are listed in Figure 1 .
Contraindications
SA peels have been found to be safe and well tolerated by all racial/ethnic groups and in all skin types (Fitzpatrick I-VI). The possible contraindications to SA peeling are mentioned in Figure 2 .
Physician's qualifications
This is an important consideration before undertaking peeling to avoid the hazards of an imperfect peel, which can simply damage the patient's face. There are certain prerequisites that should be met by physicians before embarking on chemical peels in their patients, the more important of which are described below. 3 The treating physician should be a trained dermatologist who has acquired adequate training in chemical peeling during post-graduate training in dermatology. In India, most medical colleges do not teach esthetics and cosmetics in the post-graduate years. However, such training can be acquired later at a center that routinely provides education and training in cosmetic and cutaneous surgery. Focused workshops can also provide such training. The physician should be well versed in the basic chemistry of peels, and should have a good understanding of acids, bases, and the pH and pK a of peeling agents. A thorough knowledge of the mechanisms and properties of the peeling agent used is of utmost importance for a good therapeutic outcome. The concept of wound healing • Acne vulgaris 
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Arif after a controlled chemical skin injury should be clear to the physician, who should also have a thorough knowledge of the pathogenesis and therapeutic aspects of the diseases being treated, such as melasma and acne. Finally, the physician should have a mastery of all aspects of potential postoperative complications, including preventing, recognizing, and managing them.
Pre-peel preparation
Appropriate patient selection and assessment of each individual's skin condition is mandatory before considering a chemical peel. The treating dermatologist must evaluate the patient for the possible indications, look for any contraindications, discuss the procedure in detail, and assess the patient's expectations and anticipation of results. The potential risks of the procedure as well as the limitations must be discussed. The patient's skin type should be evaluated using Fitzpatrick's classification. 37 The level of photodamage should also be assessed using the Glogau classification. Prior to the chemical peel, a detailed history and cutaneous examination must be performed in all patients. Areas to be peeled should be photographed, and include full-face frontal and lateral views. An informed consent must be signed prior to performing the peeling procedure.
Several pre-peel regimens have been used by dermatologists. Various combinations involving topical tretinoin, α-hydroxy acids, hydroquinone, kojic acid, and low potency steroids have been used to prime the skin prior to the peel. Patients should be advised to avoid smoking, minimize their exposure to sunlight, and apply broad-spectrum sunscreens. 3 Pre-peel regimens differ between acne vulgaris, photodamage, and hyperpigmentation, including melasma and post-inflammatory hyperpigmentation. 3 Topical retinoids (tretinoin, tazarotene, retinol formulations) applied for 2-6 weeks prior to peeling thin the stratum corneum and enhance epidermal cell turnover. Such agents also reduce the content of epidermal melanin and expedite epidermal healing. Retinoids also enhance the penetration of the peeling agent. They should be discontinued several days prior to the peeling procedure. Retinoids can be resumed postoperatively after all evidence of peeling and irritation subsides. In contrast with photodamage, when treating conditions such as melasma, post-inflammatory hyperpigmentation, and acne, as well as darker skin types, retinoids should be discontinued 1 or 2 weeks before peeling or even eliminated from the pre-peel regimen to avoid post-peel complications, such as excessive erythema, desquamation, and post-inflammatory hyperpigmentation. 6 Topical hydroquinone has been used as a priming agent for patients affected with pigment dyschromias. In this regimen, 4% hydroquinone is applied twice daily for 2-4 weeks prior to the peel and is resumed 2 days post-peel. The combination of pre-peel application of 4% hydroquinone twice daily with peeling produces substantial decreases in the intensity of hyperpigmentation in both post-inflammatory hyperpigmentation and melasma. 38 It should be noted that prolonged use of high concentrations of hydroquinone (6%-10%) may lead to exogenous ochronosis. Topical α-hydroxy acid or polyhydroxy acid formulations have also been used in prepeel regimens but are less aggressive in terms of impacting peel outcomes.
Topical and systemic therapies may be initiated 2-4 weeks prior to the peeling procedure in patients with acne vulgaris. Topical benzoyl peroxide and other topical antibiotic formulations can be used daily and discontinued 1 or 2 days prior to peeling. Broad-spectrum sunscreen formulations (ultraviolet A and ultraviolet B) should be applied frequently. 6 On the day of the chemical peel, it is helpful to advise patients to start antiviral prophylaxis and continue it for 7-10 days; some dermatologists prefer 2 days before the peel and treat for a total duration of 7-10 days.
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Peeling procedure
The standard procedure for chemical peeling with SA involves use of a 20% or 30% SA formulation in an ethanol base. The peels are repeated at an interval of 2-4 weeks. Peak results are visible after a series of 3-6 chemical peels depending on the severity of the condition being treated and skin type. It is
• Contact allergy to salicylates
• Active dermatitis at the peeling site
• Active infection
• Acute viral infection
• Pregnancy
• Active dermatitis at the site
• Use of isotretinoin during the 3-to 6-month peeling procedure
• Skin malignancy
• Tanned skin 
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Salicylic acid as a peeling agent wise to perform the initial peel with a 20% SA formulation in order to assess sensitivity and reactivity of the patient's skin to the peeling agent. Before starting the peel, the face should be thoroughly cleansed with alcohol and/or acetone to remove oils from the skin. The peel is then applied. Various methods can be used to perform the peel. Usually, 2×2 wedge sponges, cotton-tipped applicators, and 2×2 gauze sponges are used for application. In clinical practice, 2-3 coats of SA are usually applied in one sitting. The manner in which the peel is applied on the face can vary. One good method is to apply the peel first to the medial cheeks and working laterally, followed by the perioral area, then chin, and lastly the forehead. The peel is then left on for 3-5 minutes. During the procedure, most patients complain of mild burning and a stinging sensation. After 1-3 minutes, some patients may experience anesthesia of the face due to the anesthetic properties of the SA peel. The sensation of burning and stinging can be reduced using a portable handheld fan or ice packs. Within 30 seconds to 1 minute of peeling, a white precipitate is formed, as a result of crystallization of the SA. It must be remembered that the frost seen in a SA peel represents precipitated SA, while the frost in a trichloroacetic acid peel is formed by precipitation of skin proteins. 3 Once frosting has occurred, it means that the patient will observe some crusting and peeling after the procedure. This crusting and peeling may be quite acceptable for treating a patient with photodamage, but when treating melasma and other pigment dyschromias, minimal or no frosting is the preferred option. The SA peel has an advantage over the α-hydroxy acid peel in that the former does not need to be neutralized and the frost is visible once the peel is complete. 10 Once the peel has had sufficient contact time, which varies in the range of 3-5 minutes, the face is rinsed thoroughly with tap water. A bland cleanser can be used to remove any residual SA precipitate. After rinsing, a bland moisturizer is applied to the skin.
Post-peeling care
For the first 48 hours post-peel, bland moisturizers and cleansers are continued or until all post-peel irritation has ceased. Patient can then resume their topical skin care formulations, which may include topical demelanizing agents, topical anti-acne medications, and/or retinoids. Excessive desquamation and irritation in the post-peel period can be treated with low to high potency topical steroids. It should be noted that topical steroids have been found to be effective in mitigating post-peel inflammation and reducing post-inflammatory hyperpigmentation. However, any hyperpigmentation remaining after the peeling procedure responds to topical hydroquinone and frequent use of sunscreens.
Side effects
Peeling with SA has been well documented in the literature, but certain adverse effects (Table 2 ) occur, which are usually mild and transient. Lee and Kim performed SA peeling in 35 Korean patients with acne vulgaris and found prolonged erythema that lasted more than 2 days in 8.8% of their patients. 40 Dryness has been reported in 32.3% of cases. This can be managed with frequent application of topical moisturizers. Grimes reported intense exfoliation and crusting following SA peeling in 17.6% and 11.7%, respectively, in her patients. However, exfoliation cleared in 7-10 days. There were no cases of scarring or persistent post-inflammatory dyschromias. 6 In a study that investigated the safety and efficacy of SA chemical peels in darker ethnic groups (20 African Americans and five Hispanics), 16% experienced mild side effects. Temporary crusting and hypopigmentation was seen in one patient, which cleared in 7 days. Transient dryness and hyperpigmentation was seen in three patients, but resolved in 7-14 days. The author concluded that a SA peel is safer in individuals of darker ethnicity.
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Salicylism
SA is absorbed readily when applied topically to the skin, 25 and can be detected in urine within 24 hours applied to skin with erythroderma. 41 The absorption of SA can be increased topically when it is combined with a hydrophilic base or kept under occlusion. 42, 43 Systemic toxicity due to cutaneous absorption is a very rare phenomenon, but is a serious concern. In high concentrations, salicylates are toxic to the central nervous system. The clinical presentation of SA toxicity includes nausea, vomiting, dizziness, psychosis, stupor, and consequently coma and death. 23, 44 Increased labyrinthine pressure can be the cause for associated tinnitus. Stimulation of the respiratory center in the medulla can occur, and manifests as marked hyperventilation leading to respiratory 
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Arif alkalosis. However, in infants and children, metabolic acidosis can also occur. 23 It has been seen that salicylate toxicity can occur when the concentration in the blood exceeds 35 mg/dL, which can rarely occur during the peeling procedure. 25 In dermatological practice, salicylate toxicity been reported when 20% SA is applied to 50% of the body surface area. This has been mentioned with the use of 40% and 50% SA paste preparations. 17 However, Fung et al studied the relative bioavailability of SA following dermal application of a 30% SA skin peel preparation, and concluded that facial peeling using the 30% formulation should not pose any significant risks to the systemic health in patients. 45 
Hypoglycemia
Systemic absorption of salicylates can affect glucose metabolism and its utilization in cells. This can lead to hypoglycemia, which is mostly seen in patients with uremia. These patients have reduced protein binding of salicylates as a result of which the free form in the blood increases relatively. 46 
Contact allergy
SA is a weak contact sensitizer. 47 However, only a few cases have been recorded. 4 Patients who give a history of allergic contact dermatitis on exposure to SA preparations may not be allergic to SA, but may be allergic to other components of the preparation. Lachapelle and Leroy reported on two patients who had an allergic contact dermatitis to a SA wart formulation and negative patch test results for SA, but had a positive patch test result for colophony which was present in the wart preparation. 48 
SA peeling and pregnancy
SA is classified by the US Food and Drug Administration as a pregnancy category C drug. 33 Use of SA peels is not recommended during pregnancy because the structure of SA is closely related to that of aspirin. Use of aspirin in pregnancy has been associated with miscarriage, birth defects, bleeding complications, and salicylism. On the other hand, α-hydroxy acid peels are labeled as category B and can be used safely in pregnancy. 49 
Conclusion
SA is a safe and efficacious peeling agent for a number of dermatological and cosmetic problems, including acne vulgaris, melasma, photodamage, freckles, and lentigines. It can be safely used in dark skin types. Newer formulations of SA containing polyethylene glycol have shown promising results in decreasing and preventing skin tumors in mice, making it a potentially attractive peeling agent for use in the future.
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